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A commentary on
Elevated positive end-expiratory pres-
sure decreases cardiac index in a Rhesus
monkey model
by Ross PA, Khemani RG, Rubin SS, Bhalla
AK, Newth CJ. Front Pediatr (2014) 2:134.
doi: 10.3389/fped.2014.00134
Positive end-expiratory pressure (PEEP) is
essential in the management of acute res-
piratory failure (ARF) and acute respira-
tory distress syndrome (ARDS) in children
and adults. Several studies have addressed
the pulmonary beneficial effect and car-
diovascular impact of an elevated PEEP
in adults. However, the impact of an ele-
vated PEEP on the respiratory and car-
diovascular systems has not been well elu-
cidated in children. The compliance of
the total respiratory system and its com-
ponents differs between newborn infants,
toddlers, children, and adults. For instance,
the compliance of the chest wall (as a
major component of the total respiratory
system) decreases with advancing age (1).
Therefore, tolerated elevated levels of PEEP
in adults may not be tolerated in chil-
dren. Similarly, the cardiovascular physiol-
ogy differs between children and adults. For
instance, the systemic vascular resistance
(SVR) is higher at baseline in children than
adults, and the heart rate (a major com-
ponent of the cardiac output) is higher in
children than adults. Therefore, extrapo-
lating adult physiological studies to chil-
dren is misleading. Studies addressing the
impact of PEEP on the respiratory mechan-
ics and cardiovascular system in children
are needed.
Ross and colleagues are to be applauded
for studying the impact of high PEEP
on the cardiac index (CI) in an animal
model with physiologic characteristics that
are similar to human infants (2). In their
experimental design, they studied nine
healthy intubated rhesus monkeys at dif-
ferent levels of PEEP and found a decrease
in CI, stroke volume, and oxygen deliv-
ery with the increase in PEEP from 5 to
15 cm of H2O. The authors attributed the
decrease in CI to reduced right ventric-
ular preload as this physiologic mecha-
nism has been well described by previous
investigators.
As the authors have mentioned in their
discussion, the study has limitations. The
small number of animals, and mark vari-
ability in response to different levels of
PEEP enhance the risk of type I error. How-
ever, the authors’ findings in their animal
model are consistent with others’ findings
in a clinical setting. In a study of 15 crit-
ically ill children with ARF, there was a
decrease in CI by 15% with the increase
in PEEP from 0 to 15 cm of H2O (3).
However, in that study, the oxygen trans-
port [product of arterial oxygen concen-
tration (CaO2) and CI] was not affected by
the increasing levels of PEEP. In fact, the
PEEP of best oxygen transport was consis-
tent with the PEEP of best CI, and levels
of PEEP above that optimal PEEP were
associated with a fall in CI and oxygen
transport. These clinical findings in pedi-
atric patients with ARF echo the findings of
Ross and colleagues. In their animal model,
the PEEP of 5 cm of H2O was the PEEP of
best CI and oxygen delivery, and at higher
levels of PEEP the CI and oxygen delivery
started to fall. These findings support the
validity of their animal model to study
the interaction between PEEP and car-
diac output. The lack of measurement
of respiratory parameters is another lim-
itation of their study. For instance, the
authors did not measure tidal volumes, air-
way pressures, and pleural pressures all of
which would have had a significant impact
on CI.
In adults with ARDS, open lung ven-
tilation and high PEEP strategies did not
decrease mortality in two large multicenter
randomized controlled studies (4, 5). How-
ever, high PEEP decreased mortality in a
subgroup of patients who had an improve-
ment in oxygenation in response to higher
PEEP (6). In children, many questions
remain answered. Does high PEEP improve
the outcome of children with severe ARF
and ARDS? And if so, what is considered
high PEEP? Especially, since excessive PEEP
can be associated with alveolar over dis-
tension, ventilation–perfusion mismatch,
and impairment of pulmonary vascular
resistance.
REFERENCES
1. West JB. Ventilation/Blood Flow and Gas Exchange.
3rd ed. Oxford: Blackwell (1977). p. 33–52.
2. Ross PA, Khemani RG, Rubin SS, Bhalla AK,
Newth CJ. Elevated positive end-expiratory pressure
decreases cardiac index in a rhesus monkey model.
Front Pediatr (2014) 2:134. doi:10.3389/fped.2014.
00134
3. Witte MK, Galli SA, Chatburn RL, Blumer JL. Opti-
mal positive end-expiratory pressure therapy in
infants and children with acute respiratory fail-
ure. Pediatr Res (1988) 24:217–21. doi:10.1203/
00006450-198808000-00016
4. Meade MO, Cook DJ, Guyatt GH, Slutsky AS,
Arabi YM, Cooper DJ, et al. Ventilation strategy
www.frontiersin.org February 2015 | Volume 3 | Article 5 | 1
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mhanna Interaction between PEEP and CI
using low tidal volumes, recruitment maneu-
vers, and high positive end-expiratory pressure
for acute lung injury and acute respiratory dis-
tress syndrome: a randomized controlled trial.
JAMA (2008) 299:637–45. doi:10.1001/jama.299.6.
637
5. Mercat A, Richard JC, Vielle B, Jaber S, Osman
D, Diehl JL, et al. Positive end-expiratory pressure
setting in adults with acute lung injury and acute
respiratory distress syndrome: a randomized con-
trolled trial. JAMA (2008) 299:646–55. doi:10.1001/
jama.299.6.646
6. Goligher EC, Kavanagh BP, Rubenfeld GD, Adhikari
NK, Pinto R, Fan E, et al. Oxygenation response to
positive end-expiratory pressure predicts mortality
in acute respiratory distress syndrome. A secondary
analysis of the LOVS and ExPress trials. Am J Respir
Crit Care Med (2014) 190:70–6. doi:10.1164/rccm.
201404-0688OC
Conflict of Interest Statement: The author declares
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 09 December 2014; accepted: 15 January 2015;
published online: 03 February 2015.
Citation: Mhanna MJ (2015) Interaction between Posi-
tive End Expiratory Pressure and Cardiac Index. Front.
Pediatr. 3:5. doi: 10.3389/fped.2015.00005
This article was submitted to Pediatric Critical Care, a
section of the journal Frontiers in Pediatrics.
Copyright © 2015 Mhanna. This is an open-access arti-
cle distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with
these terms.
Frontiers in Pediatrics | Pediatric Critical Care February 2015 | Volume 3 | Article 5 | 2
